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????????? Lightest Supersymmetric Particle (LSP)???? (2) ???????
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??????????????????? (pulsar wind nebula: PWN)[18, 19] ?????
??????????????????????????????? (supernova remnant:
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*1 Moliere ?????????????????????????????????? Ec ????????
?? Es (21 MeV) ?????RM ' X0Es=Ec ?????????????????????? RM ?
??????????????? 90%??????
*2 ????????????? X0 ?????????X0 ????????????? 1/e ????????
??????????????????????????????????????
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???????????????Fermi/LAT ???????????1 TeV ???
??????????? Fe = 4:3  10 5 [m 2 sr 1 s 1]????????????
1000??????????????????? 270 m2 sr day???????????
 ??????
???????????? 1.3?????????????????%???????

















?????????? 1967 ?? OSO-3 ?????????????? [25]?????
1972 ????????? SAS-2 ?????8000 ???????????????????
??????????????????? Crab?Vela?Geminga ?? CygX-3? 4???
?????? [26]?????1975 ????????? COSB ?? [27] ??7 ??????
????? 22 ????????????????????????????? 1991 ??
??? Compton ?? (Compton Gamma Ray Observatory: CGRO)[28] ???????
??????????Compton ?????????????????????? EGRET
(Energetic Gamma-Ray Telescope )[29] ? 271 ??????????????21 ????


























???? 1.4 ???????????Cosmic-Ray Energetics And Mass (CREAM)[34] ?








????????????????????? 1/1000  1/10000????????????
? 1.5??Z = 2?? Z = 30???????? (Galactic Cosmic Ray: GCR) ?????
? (Solar System: SS) ?????????? [37]. ??????????????????
???Li, Be, B??sub-Fe? (Z = 21  25) ?????????????????????




? 1.4 ???????????????? [36]
??????????????????????????????????????????
??????????????????????????????????????????




???/?????????? g/cm2 ??????????? [38]????????????




? 1 ? ??
????????????????????????????
? 1.5 ACE/CRIS ???????????????????????? [37]?Si=103
?????????
? 1.6 B/C ?????????? [39]?Leaky box ???????????????
?? B/C ???????????????????????????????????





????????? CALorimetric Electron Telescope (CALET)????????????
?????? (+???) ???????????????????????? (International
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? 2 ? CALET?????????
2.1 ??????







???? (rigidity-cuto) ?????????????????????????10 GeV?
??????????????????????????????????????????
?????????????????????????????????????????
??E = 3  1015 eV, E = 1018:5 eV????????????????????????







??????? E 1 eV/cm3 ???????????
???????? R  15 kpc???? d  200 pc ???????????? VD ??









?????????????????????????ESN  3  1051 erg??????
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2.1??????
? 2.1 ???????????? [40]
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??????????? 1 ms????????????????????????????






2  20 103m
2 10 2s  4 10
6m=s (2.2)
????v ? B ???E = v B ????????????
















 7 1042J  4:4 1061eV (2.4)
????Ipulsar ????????????????????? Tpulsar = 30 ms??????
??Mpulsar = 2 1030 kg???????? Rpulsar = 20 km???? !pulsar = 2=T ??




 1:4 1042eV=s (2.5)
??????????? 1011 ???????????????? (????????) ? 100
?? 1 ??????????????????????????????????????
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? 2.2 ?? V ????????????
E1 ????????





E01 = E1(1   cos 1) (2.6)



















1   cos 1 +  cos 02   2 cos 1 cos 02
1  2   1 (2.8)
????
????? 2.3???????????????????????????????????
??????? 1 ???????????????????????? 2 ????????
????????????????< cos 1 >=   23?< cos 02 >= 23 ??????????
{ 19 {






























   1 (2.10)
?????????? = 5=3????????????? R = 4???????????
????? VS = u1 = Ru2???????? VP = (u2   u1) = (R   1)u2 ??????
VS=VP  R=(R  1)??????
??????????????? rloss ?
rloss = nCRu2 = nCRVS=R (2.11)
??????????????????? VS + v cos ?????????????????







(VS + v cos )2d(cos )  nCRv=4 (2.12)
????????????????????????????? Pescape ??





??????????????????? Q??Q = 1  Pescape ????????? k??
?????????P (cross > k) = Qk ????
????????? k ?????????????????????




?????? E ????????? P (cross > k)????????









lnN(> E) = klnQ =
ln(E=E0)
ln(1 + E=E)
lnQ  B   (   1)lnE (2.17)
????
  = 1  Q
ln(1 + E=E)
= 1  ln[1  (4VS=cR)]





N(> E) / E (  1) (2.19)
????????
N(E) / E   (2.20)





































































?????????????????????? f(Ee; r; t)????????????
@f
@t
= r  (D(Ee)r)f + @
@Ee
[P (Ee)f ] +Qe(Ee; r; t) (2.24)
???????????D(Ee)?????????D(Ee) = D0(1 + Ee=3GeV ) ?????




??????D0 = 5:81028 cm2s 1? = 1=3??? B/C???????? [43]?????
??????????????????????????? 2.23????? P (Ee) =  bE2e

































2 (1  bEt)2  1
F0
]) (2.27)












? 2 ? CALET?????????
? 2.4 ???????????????????????? J ???? [4]?F0 =
(E=GeV)3J GeV m2sr 1s 1 ??J ? 3 TeV???????????????????
??????????????????????? Ec ? Ec = 10 TeV, 20 TeV, 1??
???????????

















?????? [45]?Vela??????R = 250 kpc?T = 104 yr?????10%?????
?????????? 7.3??1 TeV????????????? [46]??????????
?????Vela? TeV????????????????????????
? 2.6 1 TeV???????????? [46]?
{ 25 {
? 2 ? CALET?????????
2.3 ?????????
2.3.1 ???????
????? 1933 ???F.Zwicky ?????????????????????????
??????????????????????????????????????????






























? 2.7 ???? NGC6503????? [48]?
????????????????????
???????????????
? 2.8 WMAP ? 5 ??????????
?????????? [49]?
?????????????

















































(Lightest Supersymmetric Particle: LSP) ??????????????????????
???????????????????????????????????? LSP????
??????????????????????????????????????????
?????????????????? GeV  ? 100 GeV???????????????
??????






???????? (brane) ??????????????????????????? 4??




????????? p2  1R2 ???????????????? universal extra dimen-
sions (UED) ????? bulk????????????????????????????
??????????????????????????????????????????
???????????????? lightest Kaluza-Klein particle (LKP) ????????
???????????LKP????????????????????????????










? 2 ? CALET?????????
??????????????????????????
????????????SUSY ????????????????????????
??? e+e  ?????????????? SUSY ??? W ????????????














??????????N ???????????????v ?????????? m ?
WIMP????(l)?WIMP?????????
PAMELA????????
PAMELA ???????????????????????????????2006 ? 6
?????????????????????????1:5  100 GeV??????????
????????????????????????? [16]????????? 1.2????
?????????????????????????????????????????





???????????????? ATIC[13]??? PPB-BETS[12] ????????
300  800 GeV???????????????????????????? 2.9??ATIC
??????????????PPB-BETS???????? ATIC???????????
?????????????????????????????????????620 GeV
















= r  (DirNi)  @
@E












? 2 ? CALET?????????
??????????????????????
Ni ????? i?????




 r  uNi(E) ??















??????????????????? 2.31?????  N=esc ???????????
????????????????????????????? Q(E; t) = N0(E)(t)???
?????????
N(E; t) = N0(E)e
 t=esc (2.32)
????????esc ????????????????????????????????





































??????? proton  55 g/cm2 ????????????????? esc  p
????????
Np(E)  Qp(E)esc(R) (2.36)
?????????????? N / E (+1) ?????????????? Q(E) /
E  ???? = ( + 1  )????
 ?????


















??GeV??????????????????????????? 5  10 g/cm2 ????


























CHD)?????????????? (Imaging Calorimeter: IMC)???????????
(Total Absorption Calorimeter: TASC) ???????????????????????
?????????????30 ???????? CALET ??????????????
???????????????????????????ISS ????????????




? 3 ? CALET?????
3.1 ????
CALET ???????????? (International Space Station: ISS) ??????
(Japanese Experiment Module: JEM) ????????????? (Exposed Facility:
EF) ?????????????????????????? 2?????????????
???????2014?? H-II Transfer Vehicle (HTV) ????????JEM-EF (? 3.1)
?????5????????????????





??????JEM?????????????? 650 kg????????? 3.2????
??????????????????????????????????????????
?????????????????????????????????????







????? (Charge Detector: CHD)?????????????? (Imaging Calorimeter:
IMC)??????????? (Total Absorption Calorimeter: TASC) ??3??????
??????










? 3 ? CALET?????
3.2.2 ????? (Charge Detector: CHD)
CHD??????????????????????????????????????
??????????????????????????????????? 3:2 1:0 cm2?
?? 44.8 cm????????????? (EJ204?ELJEN Technology) ????????
?? (Photomultiplier Tube: PMT; R7400-06????????) ????????????








????? PMT ??????????CHD ?????? Front End Circuit (FEC) ??
???? TASC-FEC ????????????16-bit ADC ??????????????
CALET?? Fe? (Z = 26) ???????????????????????? 3???
????????????????????????PMT???????????????




















































???????????????? 1??????????????????? (??) ??
???????????????? 2???????? (???) ????????????
???????????????????????????????fh ?????????
??????????????????????Bs ?? 3.2? kB ??????
CALET???????CHD???????????????????????????




? 3 ? CALET?????
??????????????fh = 0:36?BS = 8:0  10 3 g cm2 MeV 1 ???????
3.7???????????????????B?? Fe??????????? 0:15 e  0:3
e???????
? 3.6 GSI ?????????????
(Be  Fe) ???? CHD ????????
??????????? (Tarle) ??? Fit-
ting?
? 3.7 GSI ???????? B ?? Fe ?
?????????
3.2.3 ????????????? (Imaging Calorimeter: IMC)
IMC ????????????????????????????????? (????
?) ???????????????????????????????????????
??????????? (SciFi) ?????????????? (W) ??????????
SciFi????????? 1 1 mm2 ? SciFi? 448?????????X?Y???? 1?
? SciFi??????? 1??????? 8????W?? 7?? SciFi?????????
?????????? 5?? 0.2X0???? 2?? 1.0X0 ????????IMC?????
3.0X0 ????W?? 1X0 ? 0.35 cm????W????? SciFi??????????
? 44:8 44:8 cm2 ?????????W?????????????? 40:8 40:8 cm2 ?
????? 2 cm???????????????????????????? TASC???
? IMC????????CALET?????? 45 ?????????????
? SciFi ????????64 ch ????????????? (Multi-Anode PMT:
MAPMT) ?????ASIC?16bit-ADC?FPGA ????? FEC ?????????
{ 40 {
3.2???
SciFi?????X?Y? 8???????? 2?????????? 3.8??????? 32
???? 64?? 1?? MAPMT?????????????????? MAPMT???
???????????? 64 ch????????????? MAPMT?????????
????SciFi ??? 2 ?????????????????????????IMC ???
????????? 8 ch (= 4ch 2 (X,Y) ) ????






????????????? (??? 1.59)?????????????????? (???
1.49) ?????????????? 4.2%????
? 3.1 SciFi (????? SCSF-78) ???
? ??????? [nm] ???? [nm] ??? [m]
SCSF-78 450 2.8 > 4:0
{ 41 {
? 3 ? CALET?????







?????? 1.6 MeV/g/cm2?SciFi???? 1 mm???? 1g/cm3 ????SciFi???
?????????? 0.16 MeV????????? 10,000/MeV???????? 4%?






? 3.9 SciFi??????????? ? 3.10 SciFi ???????????
CERN-SPS ????  ????????
????1 mm ?????????????
?????????








???? ????????1 mm??????????????????? 4%?????







????????????????????????????? (HIMAC) ?????Fe 500
MeV/n??Si 800 MeV/n?????????????????????? 3.11? SciFi?
??????????????????????? 3.3????????SciFi??????
?????????????fh = 0:35?BS = 7:4  10 3 g cm2 MeV 1 ????????
?????? 3.12?????????????????????? 0.15 e????
)]2dE/dx [MeV/(g/cm













? 3.11 SciFi ?????????????
??????? ? 3.12 SciFi??????
{ 43 {
? 3 ? CALET?????





??? PWO ?????? 20  19 mm2 ????? 326 mm ?????????????
? ESR????? 3.13??ESR???? PWO????1?? 16?? PWO?????
???XY?????? 1??????? 12?????????????????????
???????PWO????X0 ? 0.89 cm????TASC?????26.9X0 ??????
???? 16?????????????????PMT?????????2???????
????????????????????????? APD? PD ???????????
? PMT? APD/PD???????????16-bit ADC??????????
? 3.13 PWO
PWO









??????????????????PMT ? APD ?????????????????
?????????????????????????????????????????
? 3.2 ?????????????
?  X0 RM dE=dx  max n ???
? [g/cm3] [cm] [cm] [MeV/cm] [ns] [nm] [??/MeV]
NaI (Tl) 3.67 2.59 4.13 4.8 230 410 1.85 38.000
BGO 7.13 1.12 2.23 9.0 300 480 215 8,200
BaF2 4.89 2.03 3.10 6.6 630
s 1.50 21 9,500s
0.9f 230f 1,400f
CsI (Tl) 4.51 1.86 3.57 5.6 1300 560 1.79 2,000
LSO (Ce) 7.40 1.14 2.07 0.6 40 420 1.82 25,000
GSO (Ce) 6.71 1.38 2.23 8.9 600s 430 1.95 9,000
PbWO4 8.3 0.89 2.00 10.2 50




TeV???????????? 5 105 MIP (????????????????) ????
???????????6???????????????????????????CALET
??????????? APD/PD ?????????? 3.14 ??CALET ??????
APD/PD ????????APD (S8664-1010????????) ? PD (S1227-33? ??
?????) ????????????????????????????APD ? 10  10
mm2 ??PD? 2:4 2:4 mm2 ????APD????? 50??????????????
??????????? APD? PD????????? 1000???????? 3.16???
?????????????????????? (CSA) ?????????????? 2?





? 3 ? CALET?????
PWO-APD???? S/N??????????PWO???? 1 MIP????????
2 fC???????APD??? CSA?????????????????0.7 fC????
??????S/N????? 3??????????????
? 3.14 CALET ???????????
APD? PD?
? 3.15 TASC???????????2?
?????? (APD, PD) ????????










 CHD (2 ch)
??????????????? 14????
 IMC (8 ch)
SciFi??? 2???????????MAPMT?????????????? PMT
????????




 High Energy Shower Trigger (HES)
10 GeV ?????????????????? CALET ????????????
?????????




(< 2 GV) ?????????????? ISS? 2????? 5??????????
????







? 3 ? CALET?????
3.2.6 ????????
???????????????????????????????????????
















? 4 ? ???????????
4.1 ????????????EPICS
???????????????????????????EPICS (Electron-Photon





EPICS??????? Fortran????????? Intel Fortran Compiler??????
?????????????????????????????????????????
?????????????????????????????? Cosmos[60] ?????
????????????????? 4.1 ????? CALET ?????????????
EPICS??????????


















































EPICS??????100 MeV?????????????Seltzer? Berger???? [61]
{ 51 {
? 4 ? ???????????
?????100 MeV???? Tsai?? [62]?????? 4.2??CALET???????
???W? PWO?????EPICS????????????????????????
???????????????????????????????
k / Egk = E



















k / Egk = E





















































??????????Nelson?? [59]????? (Tsai?? [62]?????)?
{ 52 {
4.2???????
)e-2mg / (Ekk = E

















)e-2mg / (Ekk = E




















(Landau Pomeranchuk Migdal) ?? [63, 64]????Bethe-Heitler??????????








????v < 1=(100=E[TeV ] + 3))?????E ???????????? v  E=E ??























































































































































































 ????????? (cos d(cos )? = 0  60)
???  ????????????????????? cos  ??????????????
???????????????????????? 5.2??????????  ?????
?????? cos  ????????????????
? 5.2 ?????????????????????????????  ???????

























 ?? A ?
{ IMC???? 32 mm??
{ TASC?????PWO1?? (2 cm) ??
{ TASC?????PWO1?? (2 cm) ??
PWO?????????Moliere???? 2 cm????TASC?????????
?????? PWO1?? ( 2 cm) ?????????????????? TASC?
?????????????????????????????????????
{ 61 {
? 5 ? ?????????????
CALET???????











 ?? D ?
{ IMC???? 4??
{ TASC????




(a) ?? A (b) ?? B (c) ?? C (d) ?? D












?? AD???? ADC??????????????????????? ADC?????




????????? 3 ?????????) ?????????????????????
?????????????????????????????????????????
???? 1?????????????????????????????????????
????? 2 GeV ?  ???????????????  ??????????????
??????? Landau???MPV (Most Probable Value) ? 1 MIP?????????
????????????? (??) ???????????????????? ???
?????????? 2 GeV???????????????? 5.5??????????












Mean    2.023
RMS     0.565
 / ndf 2χ
 130.7 / 70
Constant  100.1±  8746 
MPV       0.002± 1.705 
Sigma    
 0.0010± 0.1063 
 E [MeV]∆
















Mean   0.1706
RMS    0.06218
 / ndf 2χ
  4080 / 97
Constant  1.911e+02± 3.492e+04 
MPV       0.0001± 0.1405 
Sigma    
 0.00006± 0.01246 
 E [MeV]∆














Mean    23.12
RMS     5.466
 / ndf 2χ
 782.8 / 97
Constant  77.3±  5894 
MPV       0.02± 20.57 
Sigma    
 0.013± 1.234 
 E [MeV]∆











? 5.5 ??????????????? Landau????? Fitting????????
??????? (= MPV) ? 1 MIP??????
5.2.2 ????????
??????????????????????????????3.2.5????????
????????????? (> 10 GeV) ????????????????? (> 1 GeV)
??????????????????????????????????????????









??????????? 10 GeV?1 GeV???????? 95%????????????





































? 5.6 TASC1 ???????????????????????????? 10 GeV?
??????? 1 GeV?????????? 95%?????????????
? 5.2 TASC?????????????????



















? 5 ? ?????????????
CALET???????
???? 85% ????????????? 85% ?????????98% ????????









































????? 3?????? (IMC1?? 6????) ??????????????????
???????? 0.7 MIP????????????? 7, 8???????????1 GeV
???? 98%???????????????? 5.3?????????????????
??? IMC???????1????????????? 2 MIP????????????
{ 66 {
5.2?????????
? IMC7,8????7??? 8??? 2?? SciFi?????????????
N [MIPs]

















IMC1,2 IMC3,4 IMC5,6 IMC7,8 TASC1
LES > 0:7 > 0:7 > 0:7 > 5 > 7









85% ?????????????????????? (?? 1 TeV ???) ???????
????????????????????? IMC7??????????????????
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?????????????????? 5.11???????????? 10 GeV?????
??????????????????????????????????????????
 [GeV/A]0E1 10










































55  7:4????z = 8???????????????
????????? PWO??????????????????????????????
?? 100%??????????
B, C??????? 10 GeV???????????????????????????
??????????????????????????????????????????





























2. ????????? rigiditiy-cuto??????????????? 1??????
????????????











??????? 2. 3. ???????????????????????????????












? 5.12(a)? 1???????????????????? 5.12(b)???????????
?? 1????????????????
(a) ???????? 1???????????? (b) ???????? 1??????????????
? 5.12 ???????? 1???????
{ 71 {















 ????: 400 km




 ????????: ?? 6500 km (= ????? 10 ?) ????????????






??????????????? 2??????????????????? (? 100 MeV)
??????????????????????????????????????????

















































? 5.13 1??????????????? [72]
Energy [GeV/n]





































? 5.14 1??????????????? [71]
???????? (rigidity-cuto)
















































































???????? 2???????? ATMNC3?????? 5.17??????????
???? 400 km????????????????? 1?????2?????1??2??
??????????????????? 4?????????1????? rigidity-cuto
?????????????????????????? 100 GeV ??????????
??????????2 ??????????????????????????????
?????????? 60??? 30 ???????????????? (South Atlantic
Anomary) ???????????????
? 5.18??????? 0?????????????? 5.18(a)???????????






















? 5 ? ?????????????
CALET???????
? 5.17 ATMNC3???????????????????????? 0.1-1 GeV, 1-10
GeV, 10-100 GeV, 100 GeV?????? 1???????? 2??????? 1???
? 2??????
Zenith Angle [deg]














































????? 5  20 s 1 ????????????????ISS??? 90?????????
?? 1 ???????????????11.4 s 1 ???????????? 5.5 ?????
???????????? 2?????????????????1%??????
Longitude [deg]



































? 5.5 ???????????????????? [s 1]
????? e p He C Fe other ?
?????? 0.78 5.5 2.7 0.47 0.11 1.84 11.4


































? 5.6 ?????? S

???? A B C D
S



















? 5 ? ?????????????
CALET???????
 [GeV]0E
































???? (????) a b c
A (low) 407 1.31 0.086
B (low) 643 1.34 0.103
A (high) 407 1.49 27.4
B (high) 644 1.50 25.6
C (high) 766 1.48 27.6
D (high) 964 1.43 34.9
? 5.8 ??????????????
???????? (????)
???? (????) a b c
A (high) 345 1.63 14.4
B (high) 548 1.62 15.1
C (high) 652 1.59 15.9





????????? 20  30 ? S
 ???????













































???????? D???? 1 TeV???????????????????? 2%???








? 5 ? ?????????????
CALET???????
 [GeV]TASC E∆








































???? 0.2 X0 ??? 2?? 1 X0 ?????????????????????????
???????? SciFi??? 1???????????????????????????
???????????????? SciFi???????????????????????








EWi = aESciFii+1 (5.5)
????????????????? IMC ? TASC ??????????? 5.24 ????
? 5.24???????? TASC????????????????? IMC???????






(a) 1  5?? (b) 6, 7??
? 5.23 ???????? SciFi???????????
(a) 10 GeV (b) 1 TeV












? 5 ? ?????????????
CALET???????
 E [GeV]∆














(a) p, He, N 10 TeV/A
 E [GeV]∆















(b) Fe 10 TeV/A
? 5.25 ??????? TASC ????????????(b) Fe ??????????





















































































? 5.26 ?????????????????A, D????????
? 5.9 ????????????????







































? 5.27 ???????????????????????????? PWO?????
????????
{ 85 {























??? ;0 ???????????????????????? 0 ?????????
( 8:4  10 17 ?)?2 ???????????????????????????????
 ????????????????????????????????????????
??????????????????????????????????? 5.29????


















1 TeV???????????????????????????1  100 TeV????
E 2:7dE ???????????1:6 106 ??????????????????????
??????????? 52,000???????????????????????????













????Ei;j ??i?? j ??? PWO?????????Ri ?????????????
{ 87 {
? 5 ? ?????????????
CALET???????
(a) ??????? (b) ???































Energy Weighted Spread [cm]

















Energy Weighted Spread [cm]

















Energy Weighted Spread [cm]

















Energy Weighted Spread [cm]
































? 6 ? ??????????????????
6.1 ???????
??????????2010? 9???????????? (CERN) ???? Super Proton
Syncrotron (SPS) ???????????? CERN-SPS?????? 7 km???744?
???????????? 1317???????????450 GeV????????????
???????????????????????????????????????? [73]?

















?????????????????????? 6.4 ???????????? CALET ?
??? CHD?IMC?TASC ????????????????????????????
10  10 mm2??? 2 mm?????????????? 2??????CALET????





? 6 ? ??????????????????
? 6.4 ???????????????





? 6.6??IMC???????IMC????? CALET?????????32?? 1?
??? SciFi ??????? 8 ??????????? 2 cm ?????????????
????? 3 X0 ?????CALET ??????? 7 ????????????????
????????????? 4?? 64 ch-MAPMT? FEC??????????????
?????? MAPMT ?????? FEC ?????? HV ?????????????
???MAPMT?????? HV??????????????????????????
 800V? 700V? 600V??  500V? 4??????????????????????
???????????SciFi ????????? 448 mm  50 mm  2 mm ?????
???????????????????????????? 1???? 5???? 448 mm
 50 mm  20 mm?6?????? 448 mm  50 mm  15 mm???????????
??IMC box??????????????????? 5 mm???????????
? 6.6 ???????????????? IMC
{ 95 {
? 6 ? ??????????????????
TASC
? 6.7? TASC???????TASC??2?  8??? 16?? PWO???????
??????????????? PWO??????????1??? 2??2??? 1??
? 3????????? 19 mm?????20 mm????????CALET?????1?
?? PMT?2????? APD/PD? FEC???????????PWO??? TASC?
?????????TASC????????????? 1 cm ????? (Fe) ??????
????????????????1 mm???????????????????
CALET???????CALET???? 12??????? 8??????? TASC??






???????? 6.8???? 100 GeV???????????????????????
?????????????????????????????????????


































































































? 6.8 TASC ????????????????TASC ??????????????
???????
{ 97 {
? 6 ? ??????????????????
6.2.2 ?????????
??????????? 6.9??????????VME????????????????














PWO ???????????2 ????? APD/PD ?????????IMC ????
FEC????????DP?????????????????PWO1??? PMT???
????????????? IMC?MAPMT????????????? TASC????
??????????????????? (preAMP)??????? (shaping AMP) ??





















??????IMC?????? ??????? SciFi???????? PWO?????
???????
{ 99 {
? 6 ? ??????????????????
?????????
IMC???? ???????????????????????????IMC???
??? 1?? SciFi?????????????? SciFi????????????????








 status:2 ??????? 3? (?) ???????
 status:3 2=ndf ??????????
????????????????
1. IMC ?????????????? SciFi ???????????????????
??????? 0.1 MIP ?????????????????????? 8 ???
?????????? 3 ???????????????????????????
(status:3)?
2. 2 ?????? tting??????????? SciFi ????? (= 0:5 mm) ??
???? tting ????2=ndf ?? 2.0 ???????????????????
(status:1)?
3. 2 ?? 2.0????????????????????? 2 ???????????
???? 2?????????? (????0.1 MIP??) ??????? tting??
??2=ndf ? 2.0 ???????????????????? (status:1)?????
??? 2???????????????? =ndf ? 2.0????????????
???????
4. ??? 3??????????????? 2=ndf ?? 2.0??????? (status:2)?







???????????????????????? (?) ???? 6.11?????? 6??
???????????????????????SciFi????????? 95%?????











































































? 6 ? ??????????????????




Mean   0.0305
RMS    0.02453
 / ndf 2χ
  3394 / 36
Constant  6.5± 199.6 
Mean      0.00046± 0.02973 
Sigma    
 0.00049± 0.02062 
 x [cm]∆




















0.1 Layer0 Layer1Layer2 Layer3
Layer4 Layer5
Layer6 Layer7
? 6.13 ? SciFi??????
No.SF



















? 6.14 ? SciFi??????? SciFi??
????????????????
X [cm]
















????? PWO??????????????? 0.5 MIP??????????????
PWO???????? 6.16?? 1????????SciFi??????? 3.2 cm????

















? PWO???? tting???????? 6.2????1???2????????????
??? 1mm????????????????? 1?2??? PWO????? 20 mm??
??????????????
x [cm]
































? 6 ? ??????????????????
? 6.2 PWO??????????????
Layer No. LogNo. x0 A a b
0 0  0.201 0.0394 0.0107 0.976
0 1  0.201 0.0394 0.0136 0.976
1 0  0.202 0.0604 0.0147 0.967
1 1  0.202 0.0604 0.0180 0.967
2 0  0.099 0.0802 0.0194 0.941
2 1  0.099 0.0802 0.0393 0.941
3 0  0.086 0.0671 0.0188 0.961
3 1  0.086 0.0671 0.0199 0.961
4 0  0.092 0.0816 0.0330 0.946
4 1  0.092 0.0816 0.0208 0.946
5 0  0.102 0.0851 0.0237 0.936
5 1  0.102 0.0851 0.0405 0.936
6 0  0.127 0.0929 0.0243 0.938
6 1  0.127 0.0929 0.0373 0.938
7 0  0.114 0.1032 0.0890 0.866
7 1  0.114 0.1032 0.0449 0.866
6.3.2 IMC????????
SciFi???????? ADC????? (MIP) ??????????????????
????? 1??????? ADC???????????????MAPMT??????
??????HV =  800 V? 700 V? 600 V? 500 V? 4?????????????
????????HV =  800 V???????????????????????????









??????????????Gauss ???????????????? 6.18 ????
SciFi1???????????????SciFi???? 1 MIP?ADC?????HV=  800









Mean   3.291e+04
RMS     1.502
 / ndf 2χ
  14.6 / 11
Constant  11.5± 291.7 
Mean      0.0± 3.291e+04 
Sigma    
 0.031± 1.343 
ADC














Mean   3.291e+04
RMS    0.7236
 / ndf 2χ
 0.2851 / 1
Constant  10.3± 120.7 
Mean      0.1± 3.291e+04 
Sigma    
 0.0412± 0.7397 
ave. of ADC




















? 6 ? ??????????????????
??????????????? 1?? SciFi???????????????1???




?????   2 ch??????1? 32??????? 32 ??32 
p
22  32 = 11:3?
???SciFi???????????1 MIP? ADC???? 200  350?????????
???????????????????????tting????????????????
??? Landau??? Gauss??????????? tting????????1 MIP???
?????
ADC









510 h1_sf1_7_18Entries  6427
Mean    410.8
RMS     157.5
 / ndf 2χ
 75.98 / 76
Width     1.98± 33.93 
MP        2.3± 344.5 
Area      8.664e+02± 6.354e+04 
Gsigma   
 0.139± 5.105 
? 6.20 SciFi? ADC???????????????? 1 ? 32?????? 50%?
??????????????????????? tting?????????????
?????????????????? SciFi?????????????????? 6.21
????????????? SciFi??????? ADC????1 MIP?????????




2. Landau?? +Gauss?? ( = const:)




?????? y ?????? (z = x + y) ??????????????????????
???? x?????? Landau?? ( f(x)) ????????????????????
??????? y ??Gauss?? ( g(y)) ??????????????????? z ??
? h(z)???????????
h(z) = (f  g)
=
Z Z




MIP  10 p.e. ) ????????? PMT?????????????????????
?????????????? ADC ?????????????? x ???? / px ?
??????Landau ???? / px ? Gauss ?????????? 6.21 ???????
 = const:?????????????? tting???????????????????
? Landau ??? MP (Most Probability) ???? 2% ????????????????














? 6 ? ??????????????????
ADC


















 = const.)σLandau (
)x ∝ σLandau (
? 6.21 SciFi ? ADC ??? 1 MIP ??? tting???? Landau+Gauss ( =
const:) ?????? tting????? Landau+Gauss ( / px) ?????? tting?
????????????????? Landau?????????????????????
? 6.3 ? 6.21????? SciFi? 1 MIP????????
?? Mean/MP (?) Width1 Sigma2
Gauss 372.1 (+8%) { 123.1
Landau+Gauss ( = const:) 337.5 ( 2%) 40.7 86.1
Landau+Gauss ( / px) 344.4 ( ) 35.9 94.4 (@1 MIP3)
1 Landau????? 
2 Gauss????? 
3 1 MIP: Mean ??? MP
????? 6.22(b)?????????????????????????????????
VA????????????????????????????VA??????????





1 13 72 38 64 73 63 42
58 67 66 54 80 79 78 67
70 74 79 64 73 71 77 60
38 74 66 67 80 66 80 59
36 82 66 72 81 74 71 62
72 94 84 70 43 82 89 71
75 84 83 54 86 93 89 68
69 80 57 20 100 86 81 53










72 85 88 89 65 76 70 41
80 91 83 93 74 90 95 79
82 85 89 88 71 84 94 83
77 80 78 100 72 83 91 81
77 82 82 79 83 72 87 76
80 76 80 74 58 84 89 69
71 84 76 78 60 82 94 67
43 65 73 67 57 69 69










42 54 60 62 59 65 43 17
55 58 66 70 16 16 72 39
54 53 71 80 80 87 100 74
58 60 62 67 84 88 72 64
46 57 62 63 70 67 75
49 54 61 61 50 66 71
38 45 48 60 40 49 43 42
35 52 41 15 30










23 48 52 52 53 59 57 48
27 51 48 50 62 63 72 58
38 50 53 59 73 73 82 63
39 55 59 57 65 76 84 68
49 55 53 50 68 76 89 73
44 53 53 53 75 84 100 71
48 60 55 56 75 81 87 65
43 63 65 62 82 85 75 78











1 15 78 40 68 74 63 55
66 68 66 52 74 66 62 72
79 73 75 58 63 60 59 61
41 73 64 62 70 56 74 58
39 84 63 68 72 65 55 59
82 96 84 66 39 72 69 67
93 94 90 53 81 80 74 65
89 88 59 20 100 89 81 66










86 89 90 88 67 79 77 62
90 96 88 96 72 81 80 100
92 92 93 87 71 77 76 96
89 89 83 92 73 80 76 91
90 92 89 81 84 88 73 85
93 84 86 78 59 80 75 78
84 92 83 83 61 77 84 78
54 72 75 67 54 72 74










63 67 77 72 71 80 52 27
71 67 79 83 18 18 73 49
67 61 86 94 94 93 100 92
77 71 76 80 100 99 73 80
61 68 77 77 82 75 76
65 62 71 70 58 72 70
47 51 55 68 45 51 44 53
49 61 45 18 45










30 56 62 58 60 65 64 72
33 63 56 56 65 62 68 71
48 61 61 61 76 73 77 74
49 66 66 62 70 75 78 78
59 66 62 55 71 74 84 85
52 61 57 56 75 82 89 86
55 64 60 59 75 84 77 76
45 59 60 60 80 83 75 100











1 16 79 40 69 74 64 55
65 69 66 52 74 66 63 72
77 74 76 57 64 60 60 61
40 74 64 62 71 56 74 58
40 84 64 69 72 65 54 57
80 97 85 66 40 72 69 66
95 93 90 53 82 81 72 64
88 89 59 20 100 88 79 64










86 92 92 89 67 79 77 63
90 98 89 97 72 80 81 100
92 94 94 88 71 77 77 97
89 91 84 92 73 79 77 91
92 92 90 82 85 88 71 83
93 86 88 79 59 81 76 77
86 93 85 84 61 78 82 77
53 73 76 68 54 73 73










61 67 76 70 71 79 51 27
68 66 77 80 18 17 73 50
64 61 84 90 92 92 100 94
75 71 74 77 98 98 72 80
58 67 75 75 81 76 74
65 60 69 68 58 72 70
45 50 54 66 44 52 43 51
48 60 44 17 43










30 56 61 58 61 66 65 74
33 62 56 56 66 62 69 73
47 60 61 62 77 74 78 75
49 65 65 63 72 76 78 79
59 66 60 54 73 75 83 85
51 62 57 55 76 85 91 85
55 64 58 58 77 86 76 75
44 60 59 58 81 85 73 100

















??? 500,  600,  700 V??????????? ??? ADC???  800 V??
??????????????????Landau ??? Gauss ?????????????
tting ????? HV ???? 1 MIP ??????????????? 4 ???????
{ 109 {











????????????????????????????? PMT ????? r ???
???
1. MPjiV = MPj800V  r
2. LandaujiV = Landauj800V  r
3. GaussjiV = Gaussj800V  r
????????????????? i =  500,  600,  700??????????4???
??????????? PMT????? r???? 2????????????? SciFi?
ADC????tting???? 6.23?????????HV =  600 V??????????
??????????? r ???? PMT??????? 800 V????????????
???? 6.24???????? PMT??????????????? tting??????
????????????????????????????????? HV =  800 V?
h1_sf1_7_18
Entries  376
Mean    55.18
RMS     32.57
 / ndf 2χ
 32.12 / 41
Area      76.6±  1408 
r        
 0.0028± 0.1157 
ADC






? 6.23 HV =  600V ???? SciFi ?
ADC??
Voltage [V]













? 6.24 MAPMT????? HV???
{ 110 {
6.3????












? 6.25?????????????? SciFi1????? 100??????????????
?????????????????????????????????????? 6.26??
??????????????????????? 0.1 MIP???????????SciFi?
1 MIP???? 10 p.e.?????????????????? 1 p.e.???????
? 6.25 MAPMT ???????????





















? 6 ? ??????????????????
6.3.3 TASC????????
PWO ???????? ADC ????? (MIP) ??????PWO ??1 ??
? PMT+CAMAC ? Peak Hold ADC ??????????????2 ?????




1??? PWO? PMT??Pre AMP???????? 2??? Shaping AMP?????




















 / ndf 2χ
 1.179e+04 / 2
p0       
 0.1369± 104.2 
p1       
 0.0005561± 8.644 











? 6.29 ? APD High Gain ????????? ADC ???????????????
???? Gauss ??????????????????? 6.30 ????????????
????????????????????????????????   8:3 ch ???
??????????????????????????????????? 6.31 ????
? 6.32??????????????????PWO-APD???? 1 MIP???????
100  300 ch?????????????????? 2  10 ch/C????????? 6.30


















Mean    207.5
RMS     61.37
 / ndf 2χ
 27.28 / 35
Constant  2.58± 64.82 
Mean      2.0± 206.9 
Sigma    
 1.44± 60.01 




Mean    607.7
RMS      11.9
 / ndf 2χ
 22.03 / 18
Constant  2.92± 29.21 
Mean      0.6± 607.5 
Sigma    
 0.600± 8.261 
ave. of ADC













? 6.30 APD (High Gain) 1 ??????
???????????????????
????????
IMC ??????  ??????????????????????????????
PWO ? ADC ????????? 6.33 ?? 6.34 ?????? PMT ? APD ?????
??? ADC????Landau??? Gauss??????????? tting???????
?????PMT??????????????????????? (Np:e:  200)????
? Gauss???  ???????????? APD??????????????????
??????????????????????????????????????????
Landau??????? Gauss???  ????????  ???????????Gauss
{ 113 {
? 6 ? ??????????????????
C]oTemperature t [













 / ndf 2χ
 13.05 / 15
p0       
 13.25± 166.1 
p1       
 0.5189± -3.602 




Mean   -0.1296
RMS     2.482
C]o t [ch/∆












? 6.32 APD??? PD ????????
????




Mean     1039
RMS     386.4
 / ndf 2χ
 85.98 / 65
Sigma    
 2.07± 67.13 
MP        3.0±   839 
Area      3.949e+03± 3.722e+05 
Gsigma   
 3.4± -144.8 
ADC











? 6.33  ????? PWO (PMT) ?
ADC ???Landau ??? Gauss ??




Mean    301.9
RMS     165.9
 / ndf 2χ
 90.07 / 76
Sigma    
 0.81± 22.38 
MP        1.2± 223.6 
Area      1.468e+03± 1.392e+05 
Gsigma   
 1.35± 67.05 
ADC











? 6.34  ????? PWO (APD High
Gain) ? ADC???Landau??? Gauss





APD High Gain??? 1 MIP?????????????????????? (S/N) ?
??????? 6.35????????? 16?? PWO???? 1 MIP? ADC?????
?????????? S/N????PWO1?PWO2??PMT??????????????
???????????? (  2 ch)?S/N???????? 350??????PWO2  16
??????APD High Gain???????????PWO??????????APD?



























? 6.35 PWO ? 1 MIP ? ADC ???????????? ADC ???? 1 MIP ?
S/N?PWO 1?2??????PMT???????????S/N?????? ( 350)?
?? PWO? APD High Gain???????????
{ 115 {
? 6 ? ??????????????????
????????
APD Low Gain??? PD High Gain????????????????????????
????????????????????????????????????? 6.36(a)
? APD? High/Low Gain????? 6.36(b)? APD-Low/PD-High Gain???????
???????????????????????????????????? tting??
???????????????????????????APD-High / Low ??? 8 ??
APD-Low / PD-High??? 50?????????????? tting?????????
? 6.37???????????APD-High/Low??   0:4 MIP?APD-Low / PD-High
??   60 MIP ???????????????????????????? ADC ??
??? 6.38???????????APD Low Gain????????500 MIP??????
PD High Gain????????3000 MIP??????????????????????
????????0:4=500  0:1%???60=3000  2%????????????
PD? High/Low Gain??????????????????????????????
??????????????????????????????????????????
















-6 -4 -2 0 2 4 6
 = 0.4 MIPσ
(a) APD High / APD Low
ADC














-600 -400 -200 0 200 400 600
 = 61.1 MIPσ
(b) APD Low / PD High
? 6.37 PWO????????
MIP










? 6.38 PWO ?????????????????APD ? High Gain ??????
500 MIP?APD? Low Gain???? 3000 MIP?PD? High Gain????? 2 105
MIP ??????????? ADC ?? 100 ch ??????????????????
??????????????????????????????????
{ 117 {












? 6.39 ????????????PWO ?????FEC ??????? 2 ?????
???????????????? 2010 ? 9 ? 17 ??? 26 ????????????
































? 6 ? ??????????????????
X [cm]














(a) Run No.092 ( 150 GeV)
X [cm]

















(b) Run No.237 (?? 10 GeV)














????????????????? TASC???????? 1800 MIP????25 GeV?













































































? 6.42 ???????????? (?? 25 GeV)???? IMC ???? 1 ???? 8
????????? 7,8 ??? 2 ?????????????? 2 ??????????
?????????????? 0  50 MIP?????????? TASC ??????
1800 MIP????
{ 121 {







??????????????? SciFi ??????????? 6.43 ???????
Landau ?????????????????????? Landau ??????? (Most
Probable Value: MPV) ??1 MIP??????????? SciFi? 1?????????
???????
ESciFijMIP = 0:148 10 3[GeV] (6.3)
????
??????????6.3.2?????????Landau??? Gauss?? ( / px) ??
?????????? tting?????????? Gauss???????????????
???Landau???????????????????????????????????




????????????????????????????? Gauss???  ?????
?????????????????????????????????????????
?????????????????????????????????? ??????






 E [MeV]∆ 















0 0.5 1 1.5 2 2.5 3
 E∆
 E with Flac.∆






















Mean    388.2
RMS     211.6
 / ndf 2χ
 101.3 / 85
Sigma    
 0.86± 28.52 
MP        1.4± 300.7 
Area      2.112e+03± 2.798e+05 
Gsigma1  
 0.095± 6.761 
N [MIPs]








???????????? PWO? 1 MIP??????SciFi????????????
???? Landau???????????? 1 MIP??????? 6.45?????????
???? PWO???????????????????????MP??
EPWOjMIP = 21:8 10 3[GeV] (6.4)
????
6.3.3 ???????????? Landau ??? Gauss ?? ( =const.) ???????
?? tting????????? Landau???????? 1 MIP??????SciFi???
?????????????????????? Landau???????? 1 MIP????
??????????????????????????????
??????????????????? SciFi???????????????????




? 6 ? ??????????????????
 E [MeV]∆ 














0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
 E∆
 E with Flac.∆


















Mean    294.1
RMS     158.9
 / ndf 2χ
 159.4 / 94
Sigma    
 0.82± 21.06 
MP        1.2±   221 
Area      1.138e+03± 1.048e+05 
Gsigma   
 1.46± 71.26 
N [MIPs]









??????????? 10 GeV? 150 GeV????????
SciFi



















? 6.48???? 32???????????????????? SciFi1????????
??????????????????????????????????????????
???10 GeV???????????????????????????????????















? 6 ? ??????????????????
N [MIPs]













































































































(a) ?? 10 GeV
N [MIPs]












































































































(b) ?? 150 GeV












































































































(a) ?? 10 GeV
N [MIPs]






























































































































(b) ?? 150 GeV
? 6.48 SciFi??????????? (0  3??: MAPMT? HV =  800 V?4  7
??: HV =  600 V)????:????????:EPICS???:Geant4
{ 127 {





RMS     55.98
N [MIPs]
















RMS     198.5
N [MIPs]












(b) ?? 150 GeV












































































































































































N [MIPs] N [MIPs]
? 6.50 ? PWO?????? (?? 10 GeV)????:????????:EPICS
{ 129 {
? 6 ? ??????????????????
N [MIPs]



































































































































































N [MIPs] N [MIPs]






















































































(a) ?? 10 GeV
N [MIPs]





















































































(b) ?? 150 GeV
? 6.52 PWO?????????????:????????:EPICS???:Geant4
{ 131 {
? 6 ? ??????????????????
hexp0_1_pwo
Entries  5141
Mean      370
RMS     17.57
N [MIPs]













(a) ?? 10 GeV
hexp5_1_pwo
Entries  3041
Mean     5825
RMS     206.3
N [MIPs]













(b) ?? 150 GeV





























j(Ei;j  (xi;j  Xi)2)P
j Ei;j
(6.6)
????i?j ????? i???j ??? SciFi?PWO????xi;j ?? SciFi??????
PWO????Xi ?????????????PWO???????????IMC????
????????????????




?????? PWO???????????? 6.56??????????? PWO? 2?























(a) ?? 10 GeV
Spread [cm]










(b) ?? 150 GeV
? 6.55 SciFi ??????????? (MaPMT ? HV =  600 V)????:????
????:EPICS
{ 135 {
? 6 ? ??????????????????
Spread [cm]











(a) ?? 10 GeV
Spread [cm]






































? 64 ch ????????????? 1 ? 1 ?????????????????????
?????????????????????????????????????????


































? 6.58 ? 6.57 ???????????
?????????ADC ???????
No.102 ?????????? MAPMT ?
??????????????????
Sum of Anode 64ch [MIPs]




























? 6.59 MAPMT ????? 64 ch ???
?????????
Sum of Anode 64ch [MIPs]


































?????????????????????????TASC1??? peak hold ADC??
?????????????????????????????????





? 6.62????? PWO1??????????????PWO??? ADC ????????
???????????? ??????????????????????slow shaper?
?????????????????1/10? Attenuator????????????????












? 6 ? ??????????????????
ADC [ch]













MP         =3311
=3442Run096MP
=3053Run102MP
? 6.61 ????? TASC1????? ADC????????????? PWO??
???2?? PWO????????????







? 6.63 ????????? TASC1???







???????????IMC? 7, 8????? TASC1????????????????






















































 IMC7+8 > 15 MIP
 TASC1 > 55 MIP
??????????????????????????????? 6.66 ???????
???????????????????????????????

























(Sim.) IM7,8 + TASC1
(Exp.) IMC7,8
(Exp.) TASC1
















































Mission Energy Energy e/p-Sepalation Key Instrument S
T
(GeV) Resolution Power (Thickness) (m2 sr day)
PPB-BETS 10- 13% 4000 IMC 0.42
(+BETS) 1000 @100GeV >10GeV (Lead:9X0)
ATIC1+2 10- <3% 10,000 IMC+TCAL 3.08
(+ATIC4) ? 100 >100GeV >10GeV (BGO:22X0)
+Ctargets
PAMELA 1- 5% 105 Magnet(0.43T)+IMC 1.4
(2006) 700 @200GeV (W:16X0) (2years)
Fermi/LAT 20- 5-20% 103-104 Tracker+TCAL 1500@TeV
(2008) 1,000 20- 20-1000GeV (W:1.5X0+CsI:8.6X0) (5years)
1000GeV GF:Edep.
AMS-02 1- 2.5% 104 Magnet(0.15T)+SCAL 55
(2011) 1,000 @100GeV (102:TRD) +TOF+TRD+RICH (5years)
(Pb:17X0)
CALET 1- 2% 105 IMC 220
(2014) 20,000 >100GeV +TCAL (5years)
(W:3X0+PWO:27X0)
TANSUO 5- 1.5% 105 IMC 900
(2016?) 10,000 +TCAL (5years)
(W?:6.5X0+BGO:27X0)
GAMMA-400 1- 1% 104 W+Si 1,280














CALET???? 5?????? (220 m2 sr day) ??????????????????
?? 7.2????CALET??????????????????????????????
????
(a) Ec =1;  = 0yr; D0 = 2 1029cm2sr (b) Ec =1;  = 0yr; D0 = 5 1029cm2sr
(c) Ec = 20TeV;  = 0yr; D0 = 2 1029cm2sr (d) Ec = 20TeV;  = 1104yr; D0 = 21029cm2sr








? 7.2 ???????????????????????????? [4]??CALET?
?? 5????????
(a) ???????????????? (b) 1 TeV???????????
? 7.3 ???????
{ 147 {
















?????????????? 7.6??????????? (SUSY) ??????????
????????????????? [77]??CALET?????????????????
(a) ??/???? (b) ?? +???
? 7.4 ???????????????????????? [21] ??CALET ????






(a) ???? (??) ?????? (??) (b) ???? (??) ?????? (??)
? 7.5 ??????????????????????? [76]?????CALET???
5????????
? 7.6 ???????????????????????? [77]?CALET??SUSY?
?????????????????????????????
{ 149 {















































 ???????2.0  105 (90% C.L.)
 ????????: 2:79=pE=10GeV  2:13 %
???????????????????? 1200 cm2 sr??????? 5???????
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